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SPECIFICATION 

Improving the immune response of ruminants 

s This invention relates to a process for improving the immune response of ruminant animals, in particular 5 
JheVp^ 

improved protection against challenge with Brucella abortus in vaccinated m.ce wh.ch had I been treated wrth 
10 teSsole Since that time there have been numerous publications relating to the use of tetram sole and .ts 10 

aevo^ta ory isomer levamisole, as a vaccine adjuvant. Some of the publications have reported that 
• etraS e?r levamisole has shown an immunostimulating effect, others have reported that there -s no 
Sect and JZ others have reported an immunosuppressant effect. For example, the following references 
reportthattetramisoleorlevamisoleimprovetheresponsetovacc.nat.on: 
15 (0 against Brucella abortus in mice, G REnoux and M Renoux. Infect. Immun * 544-548 (1973), 15 
i) against/VaW/a/n^/in^ 

(Si) against Corynebacterium pseudotuberculosis in m.ce, M R Irwm and H D Knight. Infect. Immun. 12, 
Horverllheionowing references report that tetramiso.e or levamiso.e have no effect on the response to ^ 
20 Tvf agS pleuropneumonia, rinderpest and anthrax in cattle, A Provost, G Tacker and C Borredon, Rev. 
(v, 

30 (viii) gainst SSlne rhinotracheitis in cattle. M R Irwin et ai, Am. J. Vet. Res. 37, 223-226 (1976). 30 
30 (vim) against mT ^ l '°"* " - shows thatthe effect of tetramisole or levamisole on an animal s 

Th.s confusing mass of 8 b ^™ ( J^ it is not obvious whetherthere is any advantage to be 

tartrate and phosphate salts. Preferably the hydrochloride or d.hydrogen phospha te sal « 
The aaent used to improve the response of ruminants to vaccination wrth a Clos r.dial vaccine may M 

♦hnthnththfi vaccine and the aaent can be administered in the one operation. .... cn 

«n rle term "oareS to mean intravenous, intramuscular and subcutaneous miction. 60 

' tila^eous solution tetramisole and levamisole readily undergo base catalysed hydrolysis. As a wsult 

aqueoS^^^^^^ 65 
65 pH to provide the formulations with the required storage stability. For example, the aqueous formulations 
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disclosed in Australian Patents No 440,746 and 450,036 are adjusted to a pH of less than 4, and preferably 3.5. 

It is well known that in order to maintain their activity vaccines should not be subjected to a pH of less than 
6.0 or more than 7.0 and that as a general rule vaccines are unstable under conditions of low pH which 
promote protein denaturation. For example, J R Hepple "International Symposium on Adjuvants of 
5 Immunity, Utreckt 1966; Symp. Series lmmunobiol. Standard", Vol 6 pp. 173-180, Karger, Basel/New York 5 
1967, reports that with Clostridial vaccines it is important to maintain the pH in the range 6.1 to 6.4. The paper 
reports that too high a pH results in desorption of the antigen from the carrier while at low pH's denaturing of 
the antigens can occur, Clostridium perfringens type B and Clostridium septicum being sensitive to pH 
values below 6.0. 

10 It has now been found, completely unexpectedly that aqueous compositions comprising Clostridial 10 
vaccines and tetramisole or levamisole are stable at acid pH, the efficacy of the vaccine component being 
unimpaired after long storage under the conditions normally employed to store such vaccines. As a result, 
when in the process of the invention the agent and the vaccine are administered in admixture, preferably the 
composition comprises a Clostridial vaccine component in admixture with an acid addition salt of 

1 5 tetramisole or levamisole at an acid pH. Preferably the pH is in the range of from 2.0 to 4.0, more preferably 15 
approximately 3.5. 

Clostridial vaccines are normally prepared and stabilized in the presence of additives known as vaccine 
adjuvants. Thus the Clostridial vaccine compositions used in the process of the invention may, and 
preferably do comprise pharmaceutical^ acceptable adjuvants including preservatives and antigen carriers. 

20 Suitable adjuvants include potassium alum, protamine, aluminium phosphate, aluminium hydroxide, 20 
calcium phosphate, glycerol, sorbitol, propylene glycol, carboxyvinyl polymers available under the Trade 
Mark"Carbopol" and bearing the designation 934, 940 and 941, Freund's universal adjuvant, soluble 
diethylaminoethyl (DEAE) dextran, saponin, "Quil-A", sodium chloride solution, and the fixed oils and 
synthetic esters of higher fatty acids which are known to be effective adjuvants. 

25 Suitable preservatives include phenol, formaldehyde, propylene glycol, glycerol, esters of p- 25 
hydroxybenzoic acid, benzoic acid and its sodium salt, hexachlorophene, quaternary germicides and 
thiomersal as such or in the form in which it is available underthe Trade Mark "Merthiolate". 

Injectable anthelmintic compositions comprising tetramisole or levamisole in the form of their acid 
addition salts may comprise therapeutically acceptable salts, preferably at a concentration equivalent to 

30 from 0.1 to 0.1 5 moles per litre of solution, in order to prevent or reduce the incidence of tissue reaction at 30 
the site of injection. Thus when the agent used in the process of the invention to improve the response of 
ruminants to vaccination with a Clostridial vaccine is administered by subcutaneous injection the injectable 
composition may also comprise therapeutically acceptable salts. Suitable therapeutically acceptable salts 
include, for example, the sodium salts of citric, tartaric and phosphoric acid and mixtures thereof. 

35 The dose rates employed in the process of the invention will vary with the ruminant animal being treated 35 
and the vaccine being used. However, in general the vaccine is administered at the same dose rate normally 
employed for the vaccination of the particular ruminant. The agent used to improve the response of a 
ruminant animal to vaccination with a Clostridial vaccine may be administered at a dose rate in the range of 
from 1 mg/kg of animal body weight up to the maximum non-toxic dose rate for the animal. Preferably, the 

40 agent is administered at the anthelmintic dose rate recommended for the animal. For example, in sheep, 40 
when levamisole is used as the agent it is preferably administered at a dose rate of approximately 10-17 
mg/kg of animal body weight. 

The process of the invention provides a surpisingly high improvement in the responses of ruminants to 
vaccination with Clostridial vaccines. For example, sheep treated according to the process of the invention 

45 with a composition comprising a multivalent Clostridial vaccine and the anthelmintic dose of levamisole 45 
dihydrogen phosphate showed the following statistically significant improvements in antitoxin titres when 
compared to controls treated with the vaccine alone: 



50 



55 



% of Sheep with Antitoxin Titre 

above 5 units/ml 50 



Clostridial Sheep Treated 

Antigen Control According to the 



Sheep Process of 

the Invention 55 



CI. welchii D (PK) 35 88 

CI. septicum (MD) 27 55 

Cl.oedematiens(BD) 83 100 

60 CI. tetani (TET) 70 97 60 

CL welchii C(LD) 60 97 



This significant improvement in the response of ruminants to vaccination with Clostridial vaccines which 
65 is afforded by the process of the invention is completely unexpected, for other, non-ruminant, animals show 65 
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compared to controls treated with the vaccine alone. 



10 



*15 



Clostridial 
Antigen 



Cl.welchiiD 
CI. septicum 
CI. oedematiens 
Cl.tetani 
CI. welchii C 



Rabbit Antitoxin Titre (units/ml) 



Vaccine only Vaccine + Agent 



6.6-8.0 
6.6-8.0 
4-5 
8-10 
10-13.3 



5-6.6 
5-6.6 
4-5 
6.6 
6.6-8.0 



10 



15 



25 



30 



ItwU.beevidenttothoseski.ledinthea^ 
.. vaccinationwithClostridialvacc^^ 20 

s D LS"h^^ ,M 

one operation with a saving in both time and jnation of pre gnant ewes before lambing. Prior 2 5 

This advantage may be put to particular benefit ,n ^ 

to the present invention it has been convent onal ^ JEl 2 weeks before lambing. 
6 weeks before lambing and then o ^cc.nate the e we s^ «,th a aott«aiai va M er « of 

The vaccination close to lambing » 2 ^tofa^)J« ^J^Sta, (ie 4 10 6 wee ks before), 
antibodies to the lamb which cou d not be n**^™™**™ s 7 0 v acci nation with a Clostridial vaccine 30 
The significant improvement of response of ^^^^^^^^ptBonBfit^om 

35 before lambing with considerable cost sav <ing to , d jnt0 composi tion for use in the 

When a (L-) tetramisole salt and a Clostndia vac cine reformu la ted nto , component but a 
process of the present invention no loss in f^to^^^™^^ Tnerefore ; 
significant improvement has been observed ^ n ^^^^^^ tth9 dose of (L-> tetramisole 
compositions are preferably ormu.ated to ^[^^^Z2r animal when the (L-) tetramisole 40 

as thefree base) per kilogram of ammal bodywe^ht D'L-tetjamisole .s — ^ ^ ^ 

un-vaccinated animals the second dose be.ng *™ n ^^*™£^S^ of the invention it is 50 

„eed in .he P-cces, of*. inve n«on X"SSKt» 
hereinbefore defined, o.he, ll-^SSSS £ » . « the shelf life of 55 

- !h^s=:c^ 
re r:r^.„»?: n sS!ed%^ 
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phosphate (17.6% w/w as free base). After admixture the pH of the composition was adjusted to 3.55. The 
make up of the test composition and the control composition comprising the 7 component Clostridial 
vaccine alone, are detailed in Table 1 below: 



TABLE 1 



10 



Com- 
position"*" 
No. 



Control 1 



Vaccine Component 
Volume (ml); pH 



500; 
500; 



3.75 
6.3 



Tetramisole 
Component 
Volume (ml); 
PH 

425; 3.5 



pH of 
Com- 
position 

3.55 



15 



20 



25 



" After information each composition was stored at 4° to 6°C in a glass bottle. 
Example 2 

This Example illustrates the efficacy of the process of the invention. 

After storage for 6 months at a temperature of 4°C test composition At and control composition d, 
prepared as detailed in Example 1, were tested for efficacy by injection into sheep following the dosing 
schedule detailed in Table 2 below. Each composition was tested on approximately forty sheep so that a 
meaningful statistical analysis of the results could be made. A control group of 6 sheep were not treated wih 
either the test composition At or the control composition Cv 

TABLE 2 



10 



15. 



20 



25 



30 



35 



Day Operation 

1 a) Blood serum sample taken 

b) Group At sheep injected with 3.5 ml of 
Composition 

Group Ct sheep injected with 2.0 ml of 

Composition Ci 
42 a) Blood serum sample taken 

b) Injections given on Day 1 were repeated 
56 Blood seru m sample taken 



30 



35 



40 The antigenicity of the vaccines was evaluated by assaying the blood serum samples taken at 56 days for 
Clostridium perfringens Type D Clostridium we/cMType D; common name - pulpy kidney), Clostridium 
septicum (common name - malignant oedemia), Clostridium novyilype B (Clostridium oedematienslype 
B; common name - Black disease), Clostridium tetani (common name - tetanus) and Clostridium perfringens 
Type C [Clostridium welchiHype C; common name - lamb dysentery). The antitoxin litres were determined 

45 by conventional assay methods using mice. 

The antitoxin titres on the pooled samples of sera from the sheep in each group are recorded in Table 3. 



40 



45 



TABLE 3 



50 



55 



Test 


Antitoxin Titre + (units/ml) 






Com- 










LD 


positions 


PK 


MO 


BD 


TET 


An 


16-20 


13.3-16 


27-32 


20-26.7 


16-32 


c, 


5-6.6 


4 


20-27 


13.3 


8.10 


Untreated 


<0.67 


<0.67 


<0.67 


<0.67 


<0.67 



50 



55 



60 + PK -pulpy kidney 

MO - malignant oedemia 

BD - Black disease 

TET -tetanus 

LD - lamb dysentery 
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For the purpose of statistical analysis antitoxin titres were determined on serum samples taken from the 
individual sheep. The results for the sheep treated with the test composition A, are given in Table 4 and the 
results for the sheep treated with the control composition C 1 are given in Table 5. 

TABLE 4 5 

Ant/toxin Level of Sheep Treated with Test Composition (A f ) 

Antitoxin Titre (units/ml) 

Sheep 



Number 


PK 


ML) 


on 


TCT 


i n 


1 


6.6 


4 


40-53 


Zo-oZ 


lo-lo 


2 


40-53 


5-6.6 


16-20 


OC OO 

Zo-oZ 


on 
zU 


4 


13.3 


5-6.6 


26-32 


en on 

bO-oU 


on oe -j 

zu-zo. / 


5 


53-64 


40 


64-80 


96-120 


I Ufa 


6 


13-16 


2-3.2 


26-32 


13-16 


zb./ 


7 


10-13 


2 


20 


10-13 


t e on 
1 6-20 


9 


13-16 


3.5 


26 


4 c on 

16-20 


oc ^ 
zb. / 


10 


20-23 


<1.0 


8-10 


C O C C 

b.o-o.o 


b-o 


11 


4-5 


5.3 


8 


O O E O 

o.z-b.o 


c 
O 


12 


2 


2-3.2 


on oc 
ZU-ZO 


on oe 

zu-zo 


o 
O 


13 


6.6 


5-6.6 


OO Af\ 


on oc 
ZU'ZO 


on oe 7 


14 


3.3-4 


2-3.2 


16 


20 


1 o 

lo 


15 


32-40 


32 


64-80 


96-120 


on 


16 


6.6-8 


2-3.2 


32-40 


32-40 


o 
0 


17 


16-20 


20-27 


26-32 


CO CA 

53-64 


oe t 
zb./ 


18 


40-53 


8-10 


64-80 


64 


on oc 
20-26 


19 


5-6.6 


3-5 


10-13.3 


13-16 


o c 

3-0 


20 


32-40 


8 


32-40 


oo An 


on 
ZU 


21 


26-32 


80 


26-32 


40-53 


10-13 


22 


3.3 


5.3 


13-16 


16 


10-13 


24 


13-16 


27 


32-40 


32-40 


13 . 


26 


10 


27-32 


20 


26-32 


20-26.7 


27 


10-13 


10-13 


53.4-64 


60-80 


20-26.7 


28A 


23-26 


2-3.2 


32-40 


53-64 


32-40 


28B 


8-10 


5 . 


20-26 


20-26 


8-10 


29 


3.3 


1 


13-16 


10-13 


5-10 


30 


13-16 


1-2 


40-53 


32 


16-20 


31 


40-53 


40-48 


10-13 


32 


32-40 


32 


13.3 


16 


13-16 


32 


8 


33 


13-16 


32 


20 


32 


6-8 


34 


16-20 


26-32 


32-40 


40-48 


40-53 


35 


16 


3-5 


64-80 


48-60 


64-80 


36 


10-13 


3.3 


20-26 


26.7 


10-13 


39 


13-16 


3-5 


64 


48-60 


32-40 


46 


40-53 


2-3.2 


20-26 


20 


13-16 


41 


13-16 


6-8 


32-40 


26.7 


10 


49 


10-13 


6.6 


32-40 


60-80 


53-64 
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TABLE 5 

Antitoxin Level of Sheep Treated with Control Composition (Cf) 



Antitoxin Titre (unit/ml) 



10 



15 



20 



25 



30 



35 



40 



45 











TET 


LD 


Mnmhpr 


PK 


MD 


BD 


c;n 




20-26.7 


20-26.7 


32-40 


16-20 


Dl 




13.3 


80-100 


40-53 


40-53 


52 


9-2 7 


<2 


6-8 


3.2 


No serum 


Do 




1-2 


3-5 


2-3.2 


No serum 


r-A 

54 


1 9 


9-4 


64 


20 


16 


DO 


9. 9 


2-4 


10 


10 


16-20 


DO 


1 

1 


1-2 


20-26.7 


3.3-5 


3-5 


G7 
D/ 


9 7-*3 9 


1 


16-20 


5-8 


3-5 


DO 


9 "7. "5 9 


2. 


6-8 


8-10 


10-13 


59 


lU.lo.D 


CO 

D-o 


10-13.3 


10 


2-3 


bU 


ic on 


2-4 


13-16 


3.3-5 


8-10 






1-2 


5-8 


2-3.2 


<3 








<3 


<0.67 


No serum 


CO. 


90.-97 
IX)- £.1 


0.67-1 .0 


53 


10 


53 


64 


o 
z 


1-9 


10-13 


6.6-8 


<0.67 


bo 
66 


9 7 
Z. / 


5 


20-26.7 


10-13.5 


20 


TO 


9-d 


40-53 


27 


27 


A7 
O/ 


e 
o 


2-4 


40-53 


10-13.5 


6.6 


CO 

DO 




2 


20-26.7 


40-53 


6-8 


by 




4 


20-26.7 


20-27 


6.8 


/U 


1-9 


<0.67 


3.3-5 


3-5 


No serum 


/I 


D-D.D 


5-6.6 


8.10 


10-13.5 


6.6 




1 9 


<0.67 


10 


3-5 


No serum 




O-o.o 


1-2 


8-10 


3.3-5 


20-26.7 




fi fi7 


<0.67 


No serum 


<2 


No serum 


75 


<2 


0.67-1 


No serum 


2-3.3 


No serum 


76 


5-6.6 


1-2 


26-32 


13.3 


8 


77 


2-2.7 


0.67-1.0 


3-5 


5-8 


3-5 


78A 


6.6-8 


8 


10-13.3 


16 


No serum 


78 B 


2.7 


8 


No serum 


10-13.5 


No serum 


79 


2-2.7 


1.0 


13.3 


5-8 


5 


80 


13.5-16 


8-10 


26-32 


27-32 


27 


82 


10-13.5 


3-5 


20-26 


10-13.5 


32 


83 


2 


0.67-1.0 


5-8 


3.3-5 


3-5 


84 


2-3.2 


10.0 


5-8 


3.3-5 


3-5 


85 


2 


3-5 


13.3 


2-3.3 


13.3 


86 


3.3-5 


0.67 


10-13.3 


3.3-5 


6-8 


87 


27-32 


13.3 


13.16 


13.5-16 


20 


89 


1-2 


0.67-1.0 


20 


13.5 


8-10 



10 



15. 



20 



25 



30 



35 



40 



45 



From the results presented in Tables 3, 4 and 5 it is evident that there was a marked improvement m the 
50 response of the sheep treated according to the process of the invention compared to the sheep treated with a 50 
Clostridial vaccine alone. The results were analysed by graphing each group of titre results for both the test 
composition sheep and the control composition sheep as a probability plot. In each case the improvement 
was shown to be statistically significant (p <0.001 ). m 
In order to better illustrate the significance of the improvement given by the process of the invention the 
55 probability plots were used to determine (a) the percentage of sheep in each group having antitoxin levels of 55 
at least 5, 10, 20 and 40 units/ml and (b) the minimum antitoxin level in the sera of 75% 50% and 25% of the 
sheep. The results are presented in Tables 6 and 7 respectively and clearly show the significant improvement 
in response to vaccination with Clostridial vaccines afforded by the process of the invention. 
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TABLE 6 



Percentage of Sheep with a Given Antitoxin Level 



Clostridial 
Antigen 



PK 



MD 



BD 



TET 



LD 



Antitoxin 

Level 

(units/ml) 



5 
10 
20 
40 

5 
10 
20 
40 

5 
10 
20 
40 

5 
10 
20 
40 

5 
10 
20 
40 



Percentage Sheep with Given 
Antitoxin Level 



Test Composition 
(A,) 

88 
65 
35 
12 

55 
35 
20 
8 

100 
95 
75 
25 

97 
93 
75 
35 

97 
75 
40 
17 



Control Com- 
position (Ci) 

35 
17 

6 

0 

27 
11 
2 



83 
62 
30 
10 

70 
45 
20 
7 

60 
40 
20 
6 



TABLE 7 

Minimum Antitoxin Level in a Given Percentage of Sheep 

Antitoxin Titre (units/ml) 

Clostridial Given % 

Antigen of sheep 



PK 



MD 



BD 



TET 



LD 



Test Composition 



Control 
Composition 





(A,) 


(Ci) 


75 


8 


2 


50 


14 


4 


25 


26 


6 


75 


3 


1 


50 


6" 


2 


25 


16 


6 


75 


20 


7 


50 


28 


13 


25 


43 


23 


75 


20 


4 


50 


31 


8 


25 


46 


16 


75 


10 


2 


50 


17 


7 


25 


30 


17 
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Example 3 

This Example demonstrates the efficacy of the process of the invention in vaccinating pregnant ewes 6 
weeks before lambing rather than the conventional 2 weeks before lambing. 
For this experiment two different farms were used and ewes with a previous vaccination history were 
5 selected. At each site the animals were divided and tagged into two groups of 40 animals for test purposes 5 
and one group of 20 animals to serve as an untreated control group. Aftertagging the sheep were allowed to 
graze together as a mob. 

A sterile injectable composition was prepared by combining 500 parts (0.53 standard dose units per part) 
of a pentavalent Clostridial vaccine comprising antigens from Clostridium perfringens Type D (Clostridium 

10 welchii Type D; common name - pulpy kidney), Clostridium tetani (common name - tetanus), Clostridium 10 
chauvoei (common name - blackleg), Clostridium septicum (common name - malignant oedemia) and 
Clostridium novyiType B (Clostridium oedematiens Type B; common name - black disease) with an aqueous 
solution of levamisole dihydrogen phosphate (350 parts containing 18.2% w/v levamisole calculated as the 
free base) and adjusting the pH of the resulting composition to 3.5 by the addition of phosphoric acid. The 

15 resulting composition contained 0.31 standard dose units of vaccine per ml and 75 mg/ml of levamisole 15 
(calculated as the free base). 

Groups IX and IIX sheep (site I and II respectively) were the control groups and remained untreated 
throughout the trial. The sheep in groups IY and IIY were each treated 6 weeks before lambing by 
subcutaneous injection with 3.5 ml of the combined Clostridial vaccine - levamisole dihydrogen phosphate 

20 composition prepared as described above. The sheep in groups IZ and HZ were each treated 2 weeks before 20 
lambing by subcutaneous injection with 2.0 ml of a pentavalent Clostridial vaccine (portion of the same 
vaccine used in the preparation of the combined composition prepared as described above). 
The dosing and bleeding schedule for the sheep is given in the Table below. 



30 



35 



Weeks before (-) 




and after {+) 


Operation 


lambing 




-6 


Serum sample taken 


-6 


Group IY and IIY sheep injected 


-2 


Serum sample taken 


-2 


Group IZ and IIZ sheep injected 


+3 


Serum sample taken from ewes and 




lambs 


+7 


Serum sample taken from ewes and 




lambs 


+11 


Serum sample taken from ewes and 




lambs 
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TABLE 6 



Percentage of Sheep with a Given Antitoxin Level 



Clostridial 
Antigen 



PK 



MD 



BD 



TET 



LD 



Antitoxin 
Level 
(units/ml) 



Percentage Sheep with Given 
Antitoxin Level 

Test Composition Control Com- 





(AO 


pos 


5 


88 


OD 


10 


65 


17 


20 


35 


6 


40 


12 


U 


5 


55 


£.1 


10 


35 


11 


20 


20 


2 


40 


8 




5 


100 


83 


10 


95 


62 


20 


75 


30 


40 


25 


10 


5 


97 


70 


10 


93 


45 


20 


75 


20 


40 


35 


7 


5 


97 


60 


10 


75 


40 


20 


40 


20 


40 


17 


6 



TABLE 7 

Minimum Antitoxin Leveiin a Given Percentage of Sheep 

Antitoxin Titre (units/ml) 

Clostridial Given % 

Antigen of sheep 



PK 



MD 



BD 



TET 



LD 



Test Composition 



Control 
Composition 





(A,) 


(Ci) 


75 


8 


2 


50 


14 


4 


25 


26 


6 


75 


3 


1 


50 


6 


2 


25 


16 


6 


75 


20 


7 


50 


28 


13 


25 


43 


23 


75 


20 


4 


50 


31 


8 


25 


46 


16 


75 


10 


2 


50 


17 


7 


25 


30 


17 
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Example 3 

This Example demonstrates the efficacy of the process of the invention in vaccinating pregnant ewes 6 
weeks before lambing rather than the conventional 2 weeks before lambing. 

For this experiment two different farms were used and ewes with a previous vaccination history were 
5 selected. At each site the animals were divided and tagged into two groups of 40 animals for test purposes 5 
and one group of 20 animals to serve as an untreated control group. After tagging the sheep were allowed to 
graze together as a mob. 

A sterile injectable composition was prepared by combining 500 parts (0.53 standard dose units per part) 
of a pentavalent Clostridial vaccine comprising antigens from Clostridium perfringens Type D {Clostridium 

10 welchii Type D; common name - pulpy kidney), Clostridium tetani (common name - tetanus), Clostridium 10 
chauvoei (common name - blackleg), Clostridium septicum (common name - malignant oedemia) and 
Clostridium novyv Type B (Clostridium oedematiens Type B; common name - black disease) with an aqueous 
solution of levamisoledihydrogen phosphate (350 parts containing 18.2% w/v levamisole calculated as the 
free base) and adjusting the pH of the resulting composition to 3.5 by the addition of phosphoric acid. The 

15 resulting composition contained 0.31 standard dose units of vaccine per ml and 75 mg/ml of levamisole 15 ^ 

(calculated as the free base). 

Groups IX and IIX sheep (site I and II respectively) were the control groups and remained untreated 
throughout the trial. The sheep in groups IY and IIY were each treated 6 weeks before lambing by 
subcutaneous injection with 3.5 ml of the combined Clostridial vaccine - levamisole dihydrogen phosphate 

20 composition prepared as described above. The sheep in groups IZ and IIZ were each treated 2 weeks before 20 
lambing by subcutaneous injection with 2.0 ml of a pentavalent Clostridial vaccine (portion of the same 
vaccine used in the preparation of the combined composition prepared as described above). 
The dosing and bleeding schedule for the sheep is given in the Table below. 

25 Weeks before (-) 25 

and after (+) Operation 
lambing 



30 



35 



-6 


Serum sample taken 


-6 


Group IY and IIY sheep injected 


-2 


Serum sample taken 


-2 


Group IZ and IIZ sheep injected 


+3 


Serum sample taken from ewes and 




lambs 


+7 


Serum sample taken from ewes and 




Iambs 


+11 


Serum sample taken from ewes and 




Iambs 
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The sera samples from each sheep in a group were combined, as were the sera samples from each lamb m 
agroup,andtheantitoxin litres for pulpy kidney (PK), black disease (BD),mahgnantoedem.a (MO) and ^ 
tetanus (TET) were determined on the pooled sera samples by conventional assay methods us.ng mice. The 
results are given in Table 8 below. 

TABLE 8a 



Antitoxin litre on Pooled Sheep Sera 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Group 



IX 

IY 

IZ 

IY 

IZ 

IY 

IZ 

IY 

IZ 

IY 

IZ 

IIX 

IIY 

ItZ 

IIY 

HZ 

IIY 

IIZ 

IIY 

IIZ 

IIY 

IIZ 



Week 
of 

Bleed 

-6 

-6 

-6 

-2 

-2 

+3 

+3 

+7 

+7 

+11 

+11 

-6 

-6 

-6 

-2 

-2 

+3 

+3 

+7 

+7 

+11 

+11 



N/B- Not Bled 



Antitoxin litre on Pooled Lamb Sera 



Group 



IY 

IZ 

IY 

IZ 

IY 

IZ 

IIY 

HZ 

IIY 

IIZ 

IIY 

IIZ 



Week 
of 

Bleed 

+3 

+3 

+7 

+7 

+11 

+ 11 

+3 

+3 

+7 

+7 

+ 11 

+11 





Antitoxin Titre (units/ml) 




10 


PK 


BD 


MO 


TET 




2 


<0.67 


<0.67 


1-2 




2 


<0.67 


<0.67 


1-2 


15 


2 


<0.67 


<0.67 


1-2 




16-20 


4-0.3 


1-2 


8-10 




1-2 


<0.67 


<0.67 


1-2 




8-10 


1-2 


1.0 


2-3.2 




4-5.3 


2-3.2 


0.8-1 


2-3.2 


20 


3.2-4 


0.8-1 


0.6-1 


O *5 0 




N/B 


N/B 


N/B 


N/B 




3.2 


0.5-0.6 


0.1-0.2 






1-2 


0.5-0.6 


<0.1 


1-2 




<0.67 


<0.67 


<0.67 


<0.67 


25 


<0.67 


<0.67 


<0.67 


<0.67 




<*U.O/ 


<0.67 


<0.67 


<0.67 




13-16 


2-3.2 


1-2 


2-3.2 




<0.67 


<0.67 


<0.67 


<0.67 




2.0 


<0.35 


<0.35 


<0.35 


30 


1-2 


0.67-1 


0.5 


0.3-0.5 




3.2 


0.2-0.32 


0.1-0.2 


<0.1 




N/B 


N/B 


N/B 


N/B 




0.8-1.0 


0.2 


0.2-0.4 


<0.13 


35 


N/B 


0.2 


0.2-0.4 


0.1-0.2 




TABLE 8b 








t 








40 




Antitoxin Titre (units/ml) 






PK 


BD 


MO 


TET 


45 



5-6.6 

4- 5.3 
1-2 
1-2 
0.8 
0.5 

5- 6.6 
3-5 
3.2 
1-2 

0.8-1.0 
N/B 



1- 2 

2- 3.2 
0.64-1 
0.4-0.64 
0.2 

0.2-0.4 
<0.35 
1-2 

0.1-0.2 
0.64-1 
<0.06 
0.1-0.2 



1-2 

0.5-0.6 

0.4 

0.32 

<0.1 

<0.1 

0.5 

0.6-0.8 
0.2 

0.4-0.64 

0.1-0.2 

0.1-0.2 



3.2-4 

2-3.2 

1-2 

0.64-1 

0.4-0.64 

0.2-0.3 

<0.35 

0.67-1 

<0.1 

0.32-0.4 

<0.13 

<0.1 



60 N/B -Not Bled 
CLAIMS 

1 . The use of an agent chosen from tetramisole, levamisole and the addi f n n ^^ 
65 in conjunction with a Clostridial vaccine to improve the response of rum.nant animal to sa.d vacc.ne. 



50 



55 



60 



65 
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2. The use of an agent according to claim 1 wherein said Clostridial vaccine comprises antigens prepared 
from Clostridia chosen from the group Clostridium weichii, Clostridium chauvoei, Clostridium septicum, 
Clostridium tetani, Clostridium chauvoei and Clostridium novyiox a combination of one or more of said 
antigens. 

5 3. The use of an agent according to claim 1 or claim 2 wherein said agent is an acid addition salt of 5 
levamisole. 

4. The use of agent according to claim 3 wherein said acid addition salt is chosen from hydrochloride, 
acetate, citrate, tartrate or phosphate salts of levamisole. 

5. The use of an agent according to claim 3 or claim 4 wherein said salt is the hydrochloride salt of 

10 levamisole. 10 

6. The use of an agent according to claim 3 or claim 4 wherein said salt is the dihydrogen phosphate salt 

of levamisole. • 

7. A process for improving the response of a ruminant animal to vaccination with a Clostridial vaccine 
which process comprises administering to said ruminant an effective amount of an agent chosen from 

15 tetramisole, levamisole and the acid addition salts thereof. 15. 

8. A process according to claim 7 wherein said Clostridial vaccine comprises antigens prepared from 
Clostridia chosen from the group Clostridium weichii, Clostridium chauvoei, Clostridium septicum, 
Clostridium tetani and Clostridium novyi or a combination of one or more of said antigens. 

9. A process according to claim 7 or claim 8 wherein said agent is an acid addition salt of levamisole. 

20 10. A process according to claim 9 wherein said acid addition salt is chosen from hydrochloride, acetate, 20 
citrate, tartrate or phosphate salts of levamisole. 

11. A process according to claim 9 or claim 1 0 wherein said salt is the hydrochloride salt of levamisole. 

12. A process according to claim 9 or claim 1 0 wherein said salt is the dihydrogen phosphate salt of 
levamisole. 

25 13. A process according to any one of claims 7 to 12 inclusive wherein said agent is administered to the 25 
ruminant prior to, at the same time as, or subsequent to the administration of the vaccine. 

14. A process according to any one of claims 7 to 13 inclusive wherein said agent is administered in 
admixture with said Clostridial vaccine. 

1 5. A process according to any one of claims 7 to 1 4 inclusive wherein said agent is administered 

30 parenterally. 30 

16. A process according to any one of claims 7 to 15 inclusive wherein said agent is administered by 
subcutaneous injection. 

17. A process according to any one of claims 7 to 1 6 inclusive wherein said agent is administered at a 
dose rate in the range of from 1 mg/kg of animal body weight to the maximum non-toxic dose rate for the 

35 animal. 35 

18. A process according to any one of claims 7 to 17 inclusive wherein said agent is administered at the 
anthelmintic dose rate recommended for the animal. 

19. A process according to any one of claims 7 to 18 inclusive wherein said ruminant animals are cattle. 

20. A process according to any one of claims 7 to 19 inclusive wherein said ruminant animals are sheep. 

40 21. A process according to any one of claims 7 to 18 inclusive wherein said agent is administered to 40 
pregnant ewes 4 to 6 weeks before lambing. 
22. A process according to claim 7 substantially as herein described with reference to Examples 2 or 3. 
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